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MASK-MAKING MEMBER AND ITS PRODUCTION METHOD, 
MASK AND ITS MAKING METHOD, EXPOSURE PROCESS, AND 
FABRICATION METHOD OF SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

The present invention relates to a member for 
making a mask and a method of producing the mask-making 
member, a mask made from the mask-making member and a 
method of making the mask made from the mask-making 
member, an exposure process using the mask, and a method 
of fabricating a semiconductor device using the mask. In 
particular, the present invention relates to a technique 
suitable for exposure of a substrate such as a wafer to 
charged particle beams, typically, electron beams. 

Semiconductor integrated circuit devices, liquid 
crystal display units, CCD devices, and the like have 
been fabricated by using a fine processing technique for 
semiconductors. Along with the increased degree of 
integration of these semiconductor devices, circuit 
patterns formed thereon have become finer, and to form 
such finer circuit patterns, exposure by charged particle 
beams, particularly, electron beams have become a focus 
of attention. An electron beam exposure process is 
effective to form finer circuit patterns; however, it has 
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a disadvantage that a throughput (amount treated per unit 
time) is low. To improve such a throughput, there have 
been practically used two kinds of electron beam exposure 
systems: a variable shaped beam exposure system in which 
electron beams are deflected between two beam forming 
masks to be shaped into a desired size of about 5 Mm at 
maximum, and a block full exposure system in which a 
circuit pattern portion is formed in a lower one of two 
beam forming masks, wherein a plurality of character 
patterns are formed by exposure at one beam shot. An 
electron beam exposure system, composed of a combination 
of the variable shaped beam exposure system and the block 
full exposure system, has been already commercially 
available. In the case of forming the recent highly 
integrated circuit patterns by exposure, however, this 
block full exposure system is yet significantly low in 
throughput than the existing exposure system using light. 

To solve the problem associated with throughput of 
the electron beam exposure system, an electron beam 
reduction transfer exposure system has been disclosed, 
for example, in Japanese Patent Laid-open No. Hei 5- 
160012, wherein a mask having a circuit pattern for the 
whole of one integrated circuit chip is irradiated with 
electron beams, so that an image of a portion, within the 
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irradiated range, of the circuit pattern is transferred 
at a specific reduction ratio, for example, 1/4 through a 
projection lens. In this electron beam reduction transfer 
exposure system, however, if the entire mask equivalent 
to the whole of the integrated circuit chip is full 
irradiated with electron beams, there may occurs an 
inconvenience that the circuit pattern cannot accurately 
transferred by exposure. To cope with such an 
inconvenience, an electron beam reduction-and-division 
transfer exposure system has been disclosed, for example, 
in Japanese Patent Laid-open No. Hei 5-251317, wherein a 
field of view of an electron-optical system and a circuit 
pattern on a mask are divided into a plurality of regions, 
and the divided parts of the pattern are sequentially 
formed on a wafer by sequential exposure in such a manner 
as to be stitched into an accurate circuit pattern for 
the whole of one integrated circuit chip. 

The electron beam reduction-and-division transfer 
exposure system makes it possible to obtain a high 
resolution and a high throughput; however, it requires a 
high resolution mask formed at a high accuracy. For a 
mask of a reduction ratio of 1/4 used for the electron 
beam reduction-and-division transfer exposure system, the 
reduction ratio is substantially the same as that of a 
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mask used for an exposure system using light. If a mask 
exposure system for making a mask, which mask is used for 
the electron beam reduction-and-division transfer 
exposure system of a reduction ratio of 1/4, is required 
to have a performance comparable to that required for the 
corresponding mask exposure system using light, a 
significantly expensive mask exposure system must be used 
as the above mask exposure system for making a mask by 
using electron beams. Further, to attain highly 
accurately exposure over the entire surface of a mask, 
various kinds of correction are required to be performed 
during exposure, resulting in the degraded throughput. 

To obtain a high positional accuracy on a mask, a 
method of making a highly accurate mask has been 
disclosed, for example, in Japanese Patent Laid-open No. 
Hei 11-38599, wherein position detecting marks are formed 
on the entire surface of a mask board, and positional 
correction is performed by using the position detecting 
marks at the time of forming a circuit pattern on the 
mask board by exposure. This method, however, has 
problems that a throughput is low, and that a pattern 
forming system excellent in long-dimension accuracy has 
been not obtained yet at the present time. 

Another problem of the electron beam reduction - and - 
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division transfer exposure system is as follows: namely, 
although any exposure system is designed to transfer a 
circuit pattern formed on a mask onto a substrate as 
accurately as possible, there may occur a slight 
deviation in transfer between one and another of the 
exposure systems depending on assembling accuracy of each 
of the exposure systems. An electron beam direct wiring 
type exposure system such as a variable shaped beam 
exposure system or a block full exposure system can 
correct such a deviation at any time by adjusting an 
electron -optical system while monitoring a condition of 
the exposure system; however, the transfer exposure 
system is difficult to correct an electron - optical system 
at any time because it transfers a circuit pattern on a 
mask on a substrate at a time. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
mask-making member capable of highly accurately making a 
mask for a charged particle beam reduction-and-division 
transfer exposure system at a low cost and a method of 
producing the mask -making member, a mask made from the 
mask -making member and a method of making the mask made 
from the mask-making member, an exposure process using 
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the mask, and a method of fabricating a semiconductor 
device using the mask. 

The present inventor has earnestly examined to 
solve the above - described problems of the related art 
electron beam exposure systems, and found that the 
following two measures are effective to solve the above 
problems . 

One of the measures is characterized by forming 
alignment marks used for exposure of a mask for forming 
mask circuit pattern on the mask and alignment marks used 
for exposure of a substrate such as a wafer for forming a 
circuit pattern on the substrate, on a mask-making member 
{mask blank) before formation of the mask circuit pattern 
by exposure, and performing exposure of the mask for 
forming the mask circuit pattern thereon by using the 
alignment marks used for exposure of the mask. 

The other of the measures is characterized by 
performing exposure of a substrate for dividedly 
transferring a positional accuracy detecting pattern on a 
positional accuracy measuring test mask onto the 
substrate, detecting a deviation and a distortion of each 
of an electron- optical system and a stage mechanism 
system of an electron beam reduction-and-division 
transfer exposure system on the basis of the transferred 
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pattern circuit, and performing exposure of the mask for 
forming a mask circuit pattern thereon while correcting 
the deviation and distortion on the basis of the detected 
results . 

The present invention has been accomplished on the 
basis of the above - described two measures. 

To achieve the above object, according to a first 
invention, there is provided a mask -making member 
including : 

a plurality of pattern formation regions in which 
mask circuit patterns are to be formed; and 

a supporting region in which any mask circuit 
pattern is not to be formed, the supporting region being 
provided for holding the plurality of pattern formation 
regions while separating the plurality of pattern 
formation regions from each other; 

wherein the supporting region has first alignment 
marks used at the time of exposure of a mask made from 
the mask-making member for forming the mask circuit 
patterns thereon, and second alignment marks used at the 
time of exposure of a substrate to be exposed for forming 
circuit patterns thereon/ 

According to a second invention, there is provided 
a method of producing a mask -making member, which member 
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has a plurality of pattern formation regions in which 
mask circuit patterns are to be formed, and a supporting 
region in which any mask circuit pattern is not to be 
formed, the supporting region being provided for holding 
the plurality of pattern formation regions while 
separating the plurality of pattern formation regions 
from each other, wherein the supporting region has first 
alignment marks used at the time of exposure of a mask 
made from the mask-making member for forming the mask 
circuit patterns thereon, and second alignment marks used 
at the time of exposure of a substrate to be exposed for 
forming circuit patterns thereon, 

the method including the step of: 

forming all of the first alignment marks and the 
second alignment marks on the mask-making member at a 
time . 

According to a third invention, there is provided a 
method of producing a mask-making member, which member 
has a plurality of pattern formation regions in which 
mask circuit patterns are to be formed, and a supporting 
region in which any mask circuit pattern is not to be 
formed, the supporting region being provided for holding 
the plurality of pattern formation regions while 
separating the plurality of pattern formation regions 
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from each other, wherein the supporting region has first 
alignment marks used at the time of exposure of a mask 
made from the mask-making member for forming the mask 
circuit patterns thereon, and second alignment marks used 
at the time of exposure of a substrate to be exposed for 
forming circuit patterns thereon, 

the method including the steps of: 

dividing all of the first alignment marks and the 
second alignment marks to be formed on the mask-making 
member into a plurality of groups each containing 
pluralities of the first alignment marks and the second 
alignment marks; and 

sequentially forming the first alignment marks and 
the second alignment marks on the mask-making member by 
sequential exposure performed for each of the pluralities 
of groups . 

According to a fourth invention, there is provided 
a mask including: 

a plurality of pattern formation regions in which 
mask circuit patterns are formed; and 

a supporting region in which any mask circuit 
pattern is not formed, the supporting region being 
provided for holding the plurality of pattern formation 
regions while separating the plurality of pattern 
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formation regions from each other; 

wherein the supporting region has first alignment 
marks used at the time of exposure of the mask for 
forming the mask circuit patterns thereon, and second 
alignment marks used at the time of exposure of a 
substrate to be exposed for forming circuit patterns 
thereon. 

According to a fifth invention, there is provided a 
method of making a mask, which mask has a plurality of 
pattern formation regions in which mask circuit patterns 
are formed, and a supporting region in which any mask 
circuit pattern is not formed, the supporting region 
being provided for holding the plurality of pattern 
formation regions while separating the plurality of 
pattern formation regions from each other, wherein the 
supporting region has first alignment marks used at the 
time of exposure of the mask for forming the mask circuit 
patterns thereon, and second alignment marks used at the 
time of exposure of a substrate to be exposed for forming 
circuit patterns thereon, 

the method including the step of: 

forming all of the first alignment marks and the 
second alignment marks on the mask at a time. 

According to a sixth invention, there is provided a 

10 



o 



o 



method of making a mask, which mask has a plurality of 
pattern formation regions in which mask circuit patterns 
are formed, and a supporting region in which any mask 
circuit pattern is not formed, the supporting region 
being provided for holding the plurality of pattern 
formation regions while separating the plurality of 
pattern formation regions from each other, wherein the 
supporting region has first alignment marks used at the 
time of exposure of the mask for forming the mask circuit 
patterns thereon, and second alignment marks used at the 
time of exposure of a substrate to be exposed for forming 
circuit patterns thereon, 

the method including the step of: 

dividing all of the first alignment marks and the 
second alignment marks to be formed on the mask into a 
plurality of groups each containing pluralities of the 
first alignment marks and the second alignment marks; and 

sequentially forming the first alignment marks and 
the second alignment marks on the mask by sequential 
exposure performed for each of the pluralities of groups. 

In the above sixth invention, preferably, each 
relative distance between two of the plurality of groups 
is obtained by measuring each relative distance between 
the first alignment marks located in the two of the 
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plurality of groups and each relative distance between 
the second alignment marks located in the two of the 
plurality of groups, and the exposure by the charged 
particle beams for forming the mask circuit patterns on 
the plurality of regions is performed by using the first 
alignment marks corrected on the basis of the measured 
results . 

According to a seventh invention, there is provided 
a method of making a mask, which mask has a plurality of 
pattern formation regions in which mask circuit patterns 
are formed, and a supporting region in which any mask 
circuit pattern is not formed, the supporting region 
being provided for holding the plurality of pattern 
formation regions while separating the plurality of 
pattern formation regions from each other, wherein the 
supporting region has first alignment marks used at the 
time of exposure of the mask for forming the mask circuit 
patterns thereon, and second alignment marks used at the 
time of exposure of a substrate to be exposed for forming 
circuit patterns thereon, and the second alignment marks 
are used for exposure of a substrate to be exposed by a 
charged particle beam reduction-and-division transfer 
exposure system by using the second alignment marks, 

the method including the steps of: 
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performing exposure of a substrate to be exposed by 
the charged particle beam reduction-and- division transfer 
exposure system by using a test mask having a positional 
deviation measurement pattern, to dividedly transfer the 
positional deviation measurement pattern on the substrate 
at a specific reduction ratio; 

obtaining a positional deviation amount of the 
charged particle beam reduction-and-division transfer 
exposure system upon exposure and a correction amount for 
correcting the positional deviation amount by using the 
positional deviation measurement pattern which has been 
dividedly transferred on the substrate at the specific 
reduction ratio; and 

performing exposure of the mask for forming the 
mask circuit patterns while correcting the mask circuit 
patterns by the correction amount for the positional 
deviation so as to correct the positional deviation of 
the charged particle beam reduction-and-division transfer 
exposure system, to thereby correct the mask. 

According to an eighth invention, there is provided 
an exposure process including the steps of: 

producing a mask having a plurality of pattern 
formation regions in which mask circuit patterns are 
formed, and a supporting region in which any mask circuit 
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pattern is not formed, the supporting region being 
provided for holding the plurality of pattern formation 
regions while separating the plurality of pattern 
formation regions from each other, wherein the supporting 
region has first alignment marks used at the time of 
exposure of the mask for forming the mask circuit 
patterns thereon, and second alignment marks used at the 
time of exposure of a substrate to be exposed for forming 
circuit patterns thereon; and 

exposing a substrate to be exposed to charged 
particle beams by using the second alignment marks formed 
on the mask. 

According to a ninth invention, there is provided 
an exposure process including the steps of: 

producing a mask having a plurality of pattern 
formation regions in which mask circuit patterns are 
formed, and a supporting region in which any mask circuit 
pattern is not formed, the supporting region being 
provided for holding the plurality of pattern formation 
regions while separating the plurality of pattern 
formation regions from each other, wherein the supporting 
region has first alignment marks used at the time of 
exposure of the mask for forming the mask circuit 
patterns thereon, and second alignment marks used at the 
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time of exposure of a substrate to be exposed for forming 
circuit patterns thereon; and 

performing exposure of a substrate to be exposed by 
a charged particle beam reduction-and-division transfer 
exposure system using the second alignment marks formed 
on the mask; 

wherein a substrate to be exposed is exposed by the 
charged particle beam reduction-and-division transfer 
exposure system by using a test mask having a positional 
deviation measurement pattern, to dividedly transfer the 
positional deviation measurement pattern on the substrate 
at a specific reduction ratio; 

a positional deviation amount of the charged 
particle beam reduction-and-division transfer exposure 
system upon exposure and a correction amount for 
correcting the positional deviation amount are obtained 
by using the positional deviation measurement pattern 
which has been dividedly transferred on the substrate at 
the specific reduction ratio; 

exposure of the mask for forming the mask circuit 
patterns thereon while correcting the mask circuit 
patterns by the correction amount for the positional 
deviation is performed so as to correct the positional 
deviation of the charged particle beam reduction - and - 
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division transfer exposure system, to thereby correct the 
mask; and 

exposure of a substrate to be exposed by the 
charged particle beam reduction-and-division transfer 
exposure system is performed by using the corrected mask. 

In particular, in the case of using a plurality of 
charged particle beam reduction-and-division transfer 
exposure systems for exposure of a substrate such as a 
wafer, the exposure is preferably performed in the 
following procedures. A substrate to be exposed is 
exposed by each of a plurality of charged particle beam 
reduction-and-division transfer exposure systems by using 
the same test mask having a positional deviation 
measurement pattern, to dividedly transfer the positional 
deviation measurement pattern on the substrate at a 
specific reduction ratio; a positional deviation amount 
of each of the plurality of charged particle beam 
reduction-and-division transfer exposure systems upon 
exposure and a correction amount for correcting the 
positional deviation amount are obtained by using the 
positional deviation measurement pattern which has been 
dividedly transferred on the substrate at the specific 
reduction ratio; exposure of the mask for forming the 
mask circuit patterns thereon while correcting the mask 
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circuit patterns by the correction amount for the 
positional deviation is performed so as to correct the 
positional deviation of each of the plurality of charged 
particle beam reduction - and - division transfer exposure 
systems, to thereby correct the mask for each of the 
plurality of charged particle beam reduction -and-division 
transfer exposure systems; and exposure of a substrate to 
be exposed is performed by the plurality of charged 
particle beam reduc tion - and - division transfer exposure 
systems using the corrected masks. 

According to tenth invention, there is provided a 
method of fabricating a semiconductor device including: 

a plurality of exposure steps in each of which 
exposure of a semiconductor substrate is performed by a 
charged particle beam reduction- and - division transfer 
exposure system using a plurality of masks, each of the 
masks having a plurality of pattern formation regions in 
which mask circuit patterns are formed, and a supporting 
region in which any mask circuit pattern is not formed, 
the supporting region being provided for holding the 
plurality of pattern formation regions while separating 
the plurality of pattern formation regions from each 
other, wherein the supporting region has first alignment 
marks used at the time of exposure of the mask for 
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forming the mask circuit patterns thereon, and second 
alignment marks used at the time of exposure of a 
substrate to be exposed for forming circuit patterns 
thereon; 

wherein the first alignment marks and the second 
alignment marks are formed on each of the plurality of 
masks used for the plurality of exposure steps by using 
the same master mask. 

In these inventions, preferably, the first 
alignment marks are formed in such a manner that one or 
more of the first alignment marks are located in a 
portion, around each of the plurality of pattern 
formation regions, of the supporting region, and the 
second alignment marks are formed in such a manner as to 
be all located in a portion, outside an area formed by 
the plurality of the pattern formation regions, of the 
supporting region. Shapes of the first alignment marks 
are preferably different from those of the second 
alignment marks. The mask may be either a transmission 
mask or a stencil mask. For the transmission mask, 
preferably, the first alignment marks and the second 
alignment marks are formed on an electron scatterer 
formed on a membrane, particularly, by selectively 
removing the electron scatterer. For the stencil mask, 
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preferably, the first alignment marks and the second 
alignment marks are formed on a mask board, particularly, 
by selectively removing the mask board. in order to 
improve a mark detection accuracy, preferably, the first 
alignment marks and the second alignment marks are formed 
on a mask board by selectively removing the mask board to 
form holes or grooves in the mask board, and burying the 
holes or grooves with a metal whose atoms have atomic 
weights heavier than those of atoms of the mask board. 
The metal may be platinum, gold., silver, copper, tungsten, 
tantalum, or molybdenum. 

The exposure for forming the first alignment marks 
and the second alignment marks at a time is preferably 
performed by using a stepper type exposure system with a 
projected magnification of a 1:1 ratio or a low reduction 
ratio, a scanner type exposure system with a projected 
magnification of a 1:1 ratio or a low reduction ratio, a 
contact type full exposure system, a proximity type full 
exposure system, or a mirror-projection type full 
exposure system. 

The exposure of the pattern formation regions is 
preferably performed by using a charged particle beam 
exposure system configured such that the charged particle 
beam has a size of 10 ££m or less and a maximum deflection 
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width of the charged particle beam in a state that a 
stage on which an electron - optical system is mounted is 
not moved is larger than a total of a width of each of 
the plurality of pattern formation regions and a width of 
a portion, between two of the plurality of pattern 
formation regions, of the supporting region. After 
exposure by charged particle beams for forming the mask 
circuit patterns, the mask circuit patterns are formed by 
development of a resist, followed by etching. In this 
case, before etching, the first alignment marks and the 
second alignment marks are preferably covered with a 
protective film in order to prevent the marks from being 
damaged or broken in the etching step. 

According to the inventions configured as described 
above, since the first alignment marks are formed by 
exposure at a time in the supporting region of the mask- 
making member and exposure of the mask for forming the 
mask circuit patterns thereon is performed by using the 
first alignment marks, the positional accuracy of the 
whole of the mask circuit patterns due to the first 
alignment marks can be significantly enhanced. Further, 
the distance between two of the first alignment marks on 
one mask is not different from that on another mask, so 
that a mask exposure system used for exposure of the mask 
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for forming the mask circuit patterns thereon may have 
only a performance capable of forming the mask circuit 
patterns in small regions by using the first alignment 
marks. In other words, an expensive mask exposure system 
using light having a low throughput is not required to be 
used as the mask exposure system for exposure of the mask 
for forming the mask circuit patterns thereon. 

Since all of the alignment marks are formed on the 
mask by exposure at a time, the mask circuit patterns can 
be formed on the mask by exposure using the alignment 
marks for exposure of a mask and the circuit patterns can 
be formed on a substrate by exposure using the alignment 
marks for exposure of a substrate . 

Even by using an exposure system not allowed to 
form all of the alignment marks on the mask by exposure 
at a time, for example, a reduction transfer exposure 
system using light, the mask circuit patterns can be 
highly accurately formed by using the alignment marks for 
exposure of a mask. 

According to the inventions described above, a 
deviation and a distortion of an electron-optical system 
and a stage mechanism system of a charged particle beam 
reduction-and-division transfer exposure system can be 
corrected by dividedly transferring a positional 
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deviation measurement pattern on a test mask onto a 
substrate at a specific reduction ratio by means of 
exposure of the substrate by the charged particle beam 
reduction-and-division transfer exposure system using the 
test mask, and detecting the deviation and the distortion 
of the electron-optical system and the stage mechanism 
system of the exposure system on the basis of the 
transferred positional deviation pattern. Accordingly, it 
is possible to perform exposure of the mask for forming 
the mask circuit patterns thereon while correcting the 
deviation and distortion. 

According to the inventions described above, since 
the same master mask is used for forming alignment marks 
on each of a plurality of masks used in a plurality of 
exposure steps in the method of fabricating a 
semiconductor device, it is possible to improve the 
overlapped accuracy between layers upon exposure of a 
semiconductor substrate . 

The above and other objects, features and 
advantages of the present invention will become apparent 
from the following description and the appended claims, 
taken in conjunction with the accompanying drawings in 
which like parts or elements denoted by like reference 
symbols . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing a transmission 
mask used for an electron beam reduction-and-division 
transfer exposure system; 

FIG. 2 is a sectional view showing a stencil mask 
used for the electron beam reduction-and-division 
transfer exposure system; 

FIG. 3 is a flow chart illustrating a method of 
making a mask according to a first embodiment of the 
present invention; 

FIG. 4A is a plan view of a mask blank used for the 
method of making a mask according to the first embodiment, 
FIG. 4B is a sectional view of the mask blank configured 
as a transmission mask blank, and FIG. 4C is a sectional 
view of the mask blank configured as a stencil mask 
blank; 

FIGS. 5A to 5C are schematic diagrams showing 
examples of marks for a mask, which are formed in a 
supporting region of a mask in the method of making a 
mask according to the first embodiment; 

FIG. 6 is a schematic diagram showing one example 
of a mark for a wafer, which is formed in the supporting 
region of a mask in the method of making a mask according 
to the first embodiment; 
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FIG. 7A is a plan view of the mask blank after the 
marks for a mask and the marks for a wafer are formed 
thereon in the method of making a mask according to the 
first embodiment, FIG. 7B is a sectional view of the mask 
blank configured as the transmission mask blank, and FIG. 
7C is a sectional view of the mask blank configured as 
the stencil mask blank; 

FIG. 8 is a flow chart illustrating a method of 
making a mask according to a second embodiment of the 
present invention ; 

FIG. 9 is a schematic diagram illustrating a 
concept of correction for a positional deviation by using 
a test mask in a method of making a mask according to a 
third embodiment of the present invention; 

FIG. 10 is a flow chart illustrating a method of 
correcting a positional deviation by using the test mask 
in the method of making a mask according to the third 
embodiment ; 

FIG. 11 is a schematic diagram showing one example 
of a pattern formed on the test mask used in the method 
of making a mask according to the third embodiment; 

FIG. 12 is a schematic diagram showing one example 
of a pattern formed on the test mask used in the method 
of making a mask according to the third embodiment; and 
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FIG. 13 is a schematic diagram showing one example 
of a pattern formed on the test mask used in the method 
of making a mask according to the third embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present invention 
will be described with reference to the drawings. 

In the following embodiments, an electron beam 
reduction- and-division transfer exposure system is used 
for exposing a substrate such as a wafer to electron 
beams. In this system, a transmission mask shown in FIG. 
1 has been typically used as a mask for transferring a 
circuit pattern on a substrate (for example, Japanese 
Patent Laid-open No. Hei 2-170410). As shown in FIG. 1, a 
portion, allowing electron beams to pass therethrough, of 
the transmission mask is called a membrane 1. The 
membrane 1 is formed of a material being thin enough not 
to scatter electron beams as much as possible. To be 
specific, the membrane 1 is typically formed of a layer 
of silicon nitride (SiN) having a thickness of 100 to 150 
nm or a DLC (Diamond- like Carbon) having a thickness of 
30 to 100 nm. An electron scatterer 2 having a shape of a 
circuit pattern to be transferred is formed on one 
surface of the membrane 1. The electron scatterer 2 is 
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typically formed of a layer of a heavy metal such as 
tantalum or tungsten having a thickness of 20 to 30 nm or 
a layer of silicon having a thickness of 2 to 3 fim. On 
the other hand, a stencil mask shown in FIG. 2 has been 
also practically used as the mask for transferring a 
circuit pattern on a substrate. The stencil mask is 
formed of a mask board 11 having through -holes 12 
allowing electron beams to pass therethrough. The 
through-holes 12 are formed into a shape of a circuit 
pattern to be transferred. The mask board 11 is typically 
made from silicon. Even for the stencil mask, like the 
transmission mask, the thickness of the mask board 11 is 
set to be as thin as possible (for example, about 2 /G6m) 
in order that a portion, having no through-holes, that is, 
not allowing electron beams to pass therethrough, does 
not absorb energies of electron beams. This is because, 
if absorbing energies of electron beams, the mask board 
11 generates heat, to be thereby distorted. 

In the electron beam reduction-and-division 
transfer exposure system, however, such a thin 
transmission mask or stencil mask can be reinforced as 
follows. Namely, in this exposure system, a region to be 
transferred at a time is generally set to about 1 mm 
square on a mask and is, in the case of pattern transfer 
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at a reduction ratio of 1/4, set to about 250 Mm square 
on a substrate such as a wafer. Accordingly, as shown in 
FIG. 1, supports 3 can be mounted to the transmission 
mask in such a manner as to be spaced from each other at 
intervals of about 1 mm, to thereby reinforce the 
transmission mask, and similarly, as shown in FIG. 2, 
supports 13 can be mounted to the stencil mask in such a 
manner as to be spaced from each other at intervals of 
about 1 mm, to thereby reinforce the stencil mask. Mask 
circuit .patterns are formed in small regions surrounded 
by the supports 3 or 13 . These supports 3 or 13 are 
typically made from silicon. 

FIG. 3 is a flow chart showing a method of making a 
mask according to a first embodiment of the present 
invention . 

As shown in FIG. 3, according to the first 
embodiment, a mask blank is coated with a resist in step 
SI. FIGS. 4A to 4C show a mask blank for a mask which is 
used in an electron beam reduction-and-division transfer 
exposure system, wherein FIG. 4A is a top view of the 
mask blank from which the membrane 1 provided with the 
electron scatterer 2 or the mask board 11 is omitted, FIG. 
4B is a sectional view of the mask blank configured as a 
transmission mask, and FIG. 4C is a sectional view of the 
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mask blank configured as a stencil mask. In the mask 
blank shown in FIGS. 4A to 4C, as described above, mask- 
circuit patterns are to be formed on the small regions 
separated from each other by means of the supports 3 or 
13. Each of the small regions is formed into a square 
shape typically having one side of about 1 mm, and each 
of the supports 3 or 13, which constitute a supporting 
region among the small regions, typically has a width of 
about 100 Mm. The supports 3 or 13 are formed by 
selectively etching a silicon wafer typically having a 
diameter of 8 inches. 

In step S2, the resist coated on the mask blank in 
step SI is subjected to exposure for printing, on the 
resist, two kinds of alignment marks: alignment marks 
used at the time of exposure of the mask blank for 
printing mask circuit patterns thereon (hereinafter, 
referred to as "marks for a mask") and alignment marks 
used at the time of exposure of a wafer for printing 
circuit patterns thereon (hereinafter, referred to as 
"marks for a wafer") . it is to be noted that the marks 
for a mask are optimized to a mask exposure system used, 
and the marks for a wafer are optimized to the transfer 
exposure system used. FIGS. 5A to 5C show examples of the 
marks for a mask, which are used in the case of adopting, 
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as the mask exposure system, a variable shaped beam type 
electron beam direct writing exposure system operated at 
an acceleration voltage of 50 kV. Each of the marks for a 
mask has a size which is generally in place within a 
square having one side ranging from 5 /Zm to a value 
equivalent to the width of the support 3 or 13, typically, 
within a square having one side ranging from 20 (im to 50 
£tm, for example, 30 fJLm. For the transmission mask, the 
marks for a mask are confirmed by detecting the presence 
or absence of the electron scatterer 2 and the thickness 
thereof. For the stencil mask, the marks for a mask are 
confirmed by detecting stepped portions of the marks 
engraved in the mask board 11. In the latter case, to 
enhance the mark detecting accuracy, the stepped potions 
of the marks are preferably buried with a heavy metal 
such as platinum, gold, silver, copper, tungsten, 
tantalum, or molybdenum. In the case of etching even a 
stopper (not shown) formed between the mask board 11 and 
a mask supporting member, however, since the thickness of 
the mask board 11 of the stencil mask is generally set to 
about 2 £6m, the stepped portions of the marks are deep 
enough for detection of the marks. 

As the marks for a wafer, a pair of line-and- space 
patterns, each of which is composed of a combination of 
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lines and spaces shown in FIG. 6, can be used. In the 
pair of line-and- space patterns, the extending direction 
of the lines and spaces in one of the patterns is- 
perpendicular to the extending direction of the lines and 
spaces in the other pattern . It is to be noted that since 
a region to be transferred at a time by electron beams 
emitted from the electron beam reduction-and-division 
transfer exposure system is generally set to about 1 mm 
square on a mask, in the case of detecting the marks for 
a wafer by electron beams, if the marks for a wafer are 
formed on the portions of the supports 3 or 13, then such 
marks cannot be detected by the electron beams. This is 
because, if the mask is irradiated with a large amount of 
electron beams for detecting the marks for a wafer, then 
the mask may be distorted by heat generated by 
irradiation of the electron beams. For this reason, the 
marks for a wafer may be formed outside an area formed by 
all of the small regions on which the mask circuit 
patterns are to be formed. Alternatively, mark detection 
may be performed by using a light source not giving heat 
to the mask, such as a semiconductor laser beam with a 
low output. 

The exposure of the mask blank for forming the 
marks thereon in step S2 is preferably performed such 
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that all of the marks are formed on the mask blank at a 
time. The transfer of all of the marks at a time is 
advantageous in that exposure of the mask for printing 
the mask circuit patterns thereon can be highly 
accurately performed on the basis of the marks for a mask 
located in the supports 3 or 13, and exposure of the 
wafer for printing circuit patterns therein can be highly 
accurately performed on the basis of the marks for a 
wafer located outside the area formed by the small 
regions in which the mask circuit patterns have been 
formed, and that such highly accurate exposure can be 
performed even by using different kinds of marks. 

In the case of exposure of the mask blank for 
forming the marks thereon by using a sufficiently highly 
accurate exposure system, however, all of the marks are 
not required to be transferred at a time. For example, in 
the case of using a reduction transfer exposure system 
with a reduction ratio of 1/4 or 1/5, which has been 
mainly used, such as a stepper or scanner type exposure 
system, all of the marks may be dividedly transferred by 
performing exposure using only a lens central portion so 
as not to cause lens distortion of the exposure system. 

In fabrication of a semiconductor device, exposure 
is generally repeated by several times for forming a 
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plurality of layers, and in this case, a mask is required 
for each of the repeated exposure steps. In the case of 
exposure of each of mask blanks for masks (required to 
form a plurality of layers of one type semiconductor 
device) for forming marks thereon, it may be desirable to 
expose each of the mask blanks by using the same master 
mask. To be more specific, marks on the same master mask 
may be transferred to each of the mask blanks used for 
forming the plurality of layers of the semiconductor 
device. The reason for this is as follows: namely, 
exposure of a substrate such as a wafer, which is 
repeated by several times, using a plurality of masks 
must be performed such that a pattern is just overlapped 
to the pattern previously formed, and in this case, if 
mask circuit patterns formed on one mask are distorted in 
a manner different from distortion of mask circuit 
patterns on another mask, then an overlapping accuracy of 
two of a plurality of layers is degraded, thereby 
reducing the fabrication yield of the semiconductor 
device. On the contrary, in the case of transferring the 
marks on the same master mask onto each of the plurality 
of masks, if the mask circuit patterns on one mask are 
distorted from ideal positions, the mask circuit patterns 
on another mask are distorted in the same manner, with a 
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result that the degradation of the overlapping accuracy 
becomes small. 

In step S3, the mask board thus exposed is 
developed and in step S4, the mask board is etched and 
cleaned, to obtain the mask blank with the alignment 
marks as shown in FIGS. 7A to 7C. In FIGS. 7A to 7C, 
character M a designates the mark for a mask and M 2 
designates the mark for a wafer. It is to be noted that, 
in FIGS. 7A to 7C, the marks M x for a mask are located at 
positions near four corners of each small region in which 
the mask circuit patterns are to be formed; however, the 
marks Mx for a mask are typically formed into square 
shapes, each having one side of 30 £6m, which are arranged 
in two rows in each portion, between two of the small 
regions, of the supporting region. 

The mask blank with the alignment marks thus 
obtained in the above steps is then subjected to exposure 
for printing mask circuit patterns thereon. In step S5, 
the mask blank with the alignment marks is coated with a 
resist. In step S6 (rough alignment step), the entire 
mask blank is roughly aligned by using the marks M x for a 
mask located outside the area formed by the small regions 
on which mask circuit patterns are to be formed. In step 
S7 (fine alignment step) , the mask blank is finely 

33 



o 

,1 t* 



o 



aligned by using the marks M x for a mask located in the 
area formed by the small regions in such a manner as to 
be positioned around the small regions, that is, in the 
supports 3 or 13. In step S8, the mask blank is subjected 
to exposure to print mask circuit patterns thereon on the 
basis of the alignment information obtained in steps S6 
and S7 . The operations in steps S7 and S8 are repeated 
until all of the mask circuit patterns are printed on the 
mask blank. In step S10, the mask black is developed, and 
in step Sll, the mask blank is etched and cleaned, to 
obtain a mask. It is to be noted that, in place of the 
operations in steps S7 and S8, a global alignment process 
may be carried out, in which fine alignment in step S7 is 
previously performed for all of the small regions and the 
exposure of the mask blank in step S8 is performed. 

Since the two kinds of alignment marks M a and M 2 
formed in steps SI to S4 are used not only at the time of 
exposure of the mask but only at the time of exposure of 
a substrate such as a wafer, it is required to protect 
the alignment marks at the time of formation of the mask 
circuit patterns. To be more specific, at the time of 
formation of the mask circuit patterns by etching in step 
Sll, the marks M 1 for a mask and the marks M 2 for a wafer 
may be previously coated with a resist, thereby 
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protecting these marks. If a positive type resist is used 
for covering the marks, the mark portions are not allowed 
to be exposed, and if a negative type resist is used for 
covering the marks, the mark portions may be exposed. In 
this case, since the marks M 1 for a mask are exposed at 
the time of scanning of electron beams for exposure of 
the mask blank for printing the mask circuit patterns 
thereon, the positive type resist becomes useless for 
protecting the marks Mi for a mask. From this viewpoint, 
as the positive type resist, a resist reversed from 
positive to negative by irradiation of a large amount of 
electron beams may be used. In the case of using such a 
reversed type resist, the marks can be protected by 
irradiating the resist with a large amount of electron 
beams. Additionally, even by using a resist of a type not 
reversed from positive to negative, there occurs no 
problem because the marks used at the time of exposure of 
the mask are not required to be used at the time of 
exposure of a wafer. 

As described above, according to the first 
embodiment, since all of the marks for a mask are 
transferred to a mask blank at a time by using an 
exposure system for marks for a mask, it is possible to 
significantly increase positional accuracies of the 
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entire mask circuit patterns . Since a relative distance 
between two of the marks on one mask is not different 
from that on another mask, an exposure system capable of 
only accurately exposing the mask blank for printing the 
mask circuit patterns on the small regions on the basis 
of the marks for a mask can be used as the mask exposure 
system for exposure of the mask blank for printing the 
mask circuit patterns thereon. Accordingly, as the mask 
exposure system, not an expensive mask exposure system 
using light with a low throughput but an electron beam 
direct writing exposure system for exposure of a wafer 
(for example, exposure system having been introduced in 
Vac. Sci. Technol . BIO (6), p. 2759 (1992)) can be used. 
Such an electron beam direct writing exposure system is 
characterized in that a beam size is 10 Mm or less, and 
maximum deflection width of an electron beam in a state 
that a stage is not moved is set to be larger than a 
total of a width of each of a plurality of small regions 
and a width of a portion, between two of the small 
regions, of a supporting regions on a mask blank; howeve 
the electron beam direct writing exposure system can 
expose a necessary portion of the mask blank only by 
deflection thereof because the total of the small region 
and the portion, between two of the small regions, of the 
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supporting region is generally set to about 1. 5 mm at 
present. Since the above exposure system can expose a 
necessary portion on the mask blank only by deflection, 
that is, with no movement of the stage, it is possible to 
relatively easily ensure the positional accuracies of the 
mask circuit patterns. 

Since most of the electron beam direct writing 
exposure systems are configured such that an electron 
beam size is as small as 5 £tm square at maximum on a 
wafer, even if the electron beam is scanned to detect the 
marks in the supports 3 or 13, the mask is not distorted 
by heat caused by irradiation of the electron beam. If 
the mask is excessively heated by the electron beam 
having a size of 5 tim square on a wafer, the size of the 
electron beam may be further reduced, or an amount of the 
electron beam irradiated at a time may be reduced and the 
scanning of the electron beam be repeated. 

A second embodiment of the present invention will 
be described below. In the first embodiment, all of the 
alignment marks are printed on the mask blank at a time 
by one exposure. On the contrary, in the second 
embodiment, the marks are printed on the mask blank at a 
high accuracy by using an exposure system not allowed to 
print all of the marks at a time by one exposure. The 
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flow chart illustrating the method according to the 
second embodiment is shown in FIG. 8. 

As shown in FIG. 8, a mask blank is coated with a 
resist in step S51. In step S52, the resist coated on the 
mask blank is repeatedly exposed by a stepper or the like 
for dividedly printing marks thereon. In step S53, the 
mask blank is developed, and in step S54, the mask blank 
is etched and cleaned. 

In step S55, the mask blank with the alignment 
marks thus obtained is coated with a resist. 

Before alignment based on the marks, a positional 
relationship between the marks is detected by using the 
marks of the number being as large as possible. To be 
more specific, each relative distance between one of a 
plurality of the marks located in one block to be exposed 
and one of a plurality of the marks located in another 
block to be exposed. In general, a measurement error 
becomes small in proportional to a root of the number of 
samples. Concretely, if 100 pairs of the masks located in 
two blocks are used, the positional accuracy between the 
two blocks becomes as large as about 10 times, as 
compared with the use of one pair of the marks located in 
the two blocks. That is to say, since a relative distance 
between two of the marks in one block to be exposed is 
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essentially correct, each relative distance between two 
of the blocks to be exposed can be highly accurately 
measured by using a plurality of the marks located in 
each of the blocks to be exposed. As described above, an 
exposure system including a stage not highly accurate so 
much or an electron beam direct writing exposure system 
can be used for exposure of the mask in the first 
embodiment, and even in the second embodiment, such an 
exposure system can be used because the degree of an 
error is reduced by detecting each relative distance 
between two of the blocks to be exposed by using a 
plurality of marks located in each of the blocks to be 
exposed. That is to say, according to the second 
embodiment, although marks are dividedly printed on a 
mask by repeated exposure, since each relative distance 
between two of blocks to be exposed can be accurately 
measured, exposure of the mask for printing mask circuit 
patterns thereon can be performed on the basis of the 
fed-back measured results, with a result that the mask 
circuit patterns can be printed on the mask by exposure 
at an accuracy comparable to the accuracy obtained in the 
case of printing the marks on the mask at a time by one 
exposure in the first embodiment. 

A third embodiment of the present invention will be 
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described below. FIG. 9 shows a concept of correction for 
a positional deviation of an electron beam reduction-and- 
division transfer exposure system by using a test mask, 
and FIG. 10 shows a flow chart illustrating the 
correction for a positional deviation by using the test 
mask . 

According to the third embodiment, a test mask is 
first prepared in step S101. FIGS. 11, 12 and 13 show 
examples of test patterns transferred on a substrate such 
as a wafer. In the case of evaluating only stitching 
accuracies of circuit patterns dividedly transferred, the 
test patterns shown in FIGS. 11 and 12 may be used. 

FIG. 11 shows a test pattern used in the case where 
two character pattern portions to be dividedly 
transferred by exposure are not overlapped to each other 
at a boundary between the two pattern portions. In this 
case, a deviation of a relative positional relationship 
between the two character pattern portions, opposed to 
each other with the boundary therebetween, from a 
designed value is measured. The measurement of such a 
deviation can be performed by detecting positions of 
centers of gravity of the two character pattern portions 
by a length measurement SEM (Scanning Electron 
Microscope) . 
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FIG. 12 shows a test pattern used in the case where 
two character pattern portions to be dividedly 
transferred by exposure are partially overlapped to each 
other at a boundary therebetween. In this case, at the 
first exposure, one character pattern composed of four 
outer rectangular characters is printed, and at the 
second exposure, the other character pattern portion 
composed of one inner square character is printed. A 
positional deviation between the two character pattern 
portions, that is, the outer rectangular characters and 
the inner square character from a designed value is 
measured. The measurement of such a positional deviation 
can be performed by detecting edges of the two character 
pattern portions by using an optical alignment accuracy 
measurement system. 

To evaluate not stitching accuracies of circuit 
patterns dividedly transferred but absolute positional 
accuracies of circuit patterns, there may be used a test 
pattern as shown in FIG. 13 . In this case, reference 
scales of highly accurate alignment marks are required to 
be previously formed on a substrate such as a wafer by 
separate means. A positional deviation between one of the 
character pattern portions and the corresponding 
reference scale can be measured by detecting an edge of 
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the character pattern portion and the reference scale by- 
using an optical alignment accuracy measuring system. 

In step S102, the positional deviation measurement 
pattern is transferred on a substrate such as a wafer by 
exposure by using the test mask prepared in step S101. In 
step S103, a positional deviation on the substrate is 
measured by the above - described method. If the positional 
deviation cannot be measured at a sufficient accuracy 
only by one exposure and one measurement, then the 
exposure and measurement may be repeated. Such a 
statistical processing enables more stable correction. In 
this case, from the viewpoint of correction of a 
difference between all of exposure systems used for 
exposure of a substrate or wafer, it may be desirable to 
use the same test mask for all of the exposure systems. 

In step S105, the results of positional deviation 
measurements obtained in the above steps is statistically 
processed, so that a positional deviation amount due to 
an electron-optical system of each exposure system for a 
substrate such as a wafer, and a correction amount for 
the positional deviation are obtained by the measured 
results thus statistically processed. The correction of a 
positional deviation may be given by a correction formula 
or a correction table in the form of a matrix. 
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In step S106, at the time of making a mask 
described in the first embodiment, exposure of the mask 
for printing mask circuit patterns thereon is performed 
such that the mask circuit patterns are deformed by the 
correction amount obtained in step S105 so as to correct 
the positional deviation of the exposure system for a 
substrate such as a wafer. In this way, a substrate such 
a wafer is subjected to exposure for transferring circuit 
patterns thereon by using the mask on which the corrected 
mask circuit patterns are formed, with a result that the 
circuit patterns can be transferred with less positional 
deviation, that is, at a high accuracy. In this case, by 
making a mask corrected with a correction amount suitably 
adjusted for each exposure system for a substrate such as 
a wafer, a difference between the exposure systems for a 
substrate such as wafer can be canceled by the mask. 

While the embodiments of the present invention have 
been described using specific terms, the present 
invention is not limited thereto, and it is to be 
understood that various modifications may be made without 
departing from the technical thought of the present 
invention . 

For example, the numerical values, shapes, 
materials, and steps described in the above - described 
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embodiments are illustrative only, and therefore, they 
may be changed as needed. 

For example, in the first embodiment, the present 
invention is applied to the mask in which each of the 
small regions on which the mask circuit patterns are to 
be formed is surrounded by the supporting region in the 
direction and the Y direction; however, the present 
invention can be applied to a mask used for an electron 
beam reduction-and-division transfer exposure system 
having been introduced, for example, in J. Vac. Sci . 
Technol. B9 (6), p. 3000 (1991)). The mask described in 
this document has a structure that small regions are 
longer in one direction; however, by disposing marks for 
a mask at supporting portions of a mask blank like the 
first embodiment and exposing the mask blank without 
movement of a stage, the mask blank can be highly 
accurately exposed . 

In the mask blank shown in FIGS. 4A to 4C, the 
supports 3 or 13 are formed after etching of the back 
surface is ended; however, the present invention is not 
limited thereto but may be configured such that the 
alignment marks and mask circuit patterns are first 
formed and then the back surface of the mask blank is 
etched. It may be determined depending on the accuracy 
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and cost necessary for the mask which is effective, of 
the above configurations. 

While a preferred embodiment of the present 
invention has been described using specific terms, such 
description is for illustrative purposes only, and it is 
to be understood that changes and variations may be made 
without departing from the spirit or scope of the 
following claims . 
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